BACKGROUND: The management of cystic fibrosis (CF) includes adherence to a home management program (airway clearance, medication, nutritional advice, and exercise). This has led to an increase in life expectancy, although the benefits depend greatly on a patient's level of adherence to daily treatments at home. To date, no systematic review has established adherence rates to all World Health Organization guidelines in the home setting; hence, this review was undertaken. METHODS: The review comprised 3 phases. A methodological assessment of databases (Embase, CINAHL, PsychINFO, PEDro, PubMed, Cochrane Central Register of Controlled Trials) identified potentially relevant papers. These papers were screened for inclusion criteria by 2 independent reviewers, data were extracted, and the internal validity was rated using a valid and reliable scale. Results were categorized into 4 themes: medication, nutrition, airway clearance techniques, and exercise. RESULTS: The search generated a total of 26 papers, 24 of which were rated as being poor quality. Adherence to a treatment program for CF patients is generally low (from 22% for nutritional guidelines to 130% for oral antibiotics), and it varies greatly depending on the type of treatment and the method of assessment employed (objective tool vs self-reported questionnaires). CONCLUSIONS: Consensus on how to measure adherence is lacking, and the quality of studies addressing adherence in this population is generally poor. Overall, studies using self-reported measures yielded higher adherence scores than those that used objective measures, suggesting that current efforts to improve methods of adherence are appropriate. The prevalence of non-adherence remains unclear due to these limitations.
Introduction
The World Health Organization (WHO) guidelines for the management of cystic fibrosis (CF) include airway clearance, medication (antibiotics, pancreatic enzyme replacement therapy), nutrition (high-calorie diet, nutritional supplements), and exercise. 1 These strategies have led to an increased life expectancy, which has increased from 28 to 37 y in the past 2 decades in the United States. 2 However, the benefits of these new treatments depend greatly on the patients' level of adherence to daily treatments at home. Treatments can be burdensome, time-consuming, and costly, and given the long-term and arduous nature of the regimes, poor adherence is commonly reported. 3 The daily regimen can include ingesting as many as 40 -50 pills, inhalation treatments requiring up to 2 h, and 2-3 airway clearance sessions lasting 30 min each. In addition, patients are encouraged to exercise and eat several highcalorie, high-fat meals each day. 4 The average number of treatments per day has been calculated as 7, taking an average of 108 min. 5 In addition, the maintenance of equipment and preparation of medications (and overcoming administrative barriers to maintaining access to medications) add to the time burden. 6 Individual studies have reported mainly on adherence rates to some of the recommended treatments, for example, medication and chest physical therapy. Adherence rates have been reported to be 67% for oral antibiotics, 31-53% for inhaled antibiotics, 7 33% for dornase alfa, and 40 -70% for chest physical therapy. 3, [8] [9] [10] [11] [12] Although adherence levels for subcategories of 2 of the 4 WHO recommendations have been the subject of systematic reviews (adherence to antibiotics only, 13 airway clearance techniques 14 ) , the inclusion of randomized controlled trials may not reflect participants' level of adherence to their independent home treatment regimes due to the nature of frequent monitoring as part of being involved in a trial. Hence, this review was undertaken to include all 4 WHO recommendations (nutrition, medication, exercise, pancreatic enzyme replacement therapy) in non-interventional studies.
Poor adherence to treatment results in increased morbidity and mortality, a reduction in quality of life, and increased health-care utilization. [15] [16] [17] Briesacher et al 18 demonstrated both a 60% decrease in the risk of hospitalization for people who were adherent to their treatment regimen and a relationship between low usage of chronic medications and increased exacerbations requiring intravenous therapy. Improving patient outcomes rests, in part, on increasing adherence to chronic therapies, and identifying reasons for non-adherence to treatment is important.
Thus, due to the multiple facets of CF treatment (exercise, nutritional advice, airway clearance techniques, and medication) as recommended by the WHO 19 and the importance of determining adherence in observational rather than formal research settings, this review was undertaken.
Methods

Overview
The review comprised 3 phases. Phase 1 involved a systematic search of the literature using devised criteria and a search strategy of key words. Phase 2 involved the initial screening of appropriate abstracts and subsequently entire papers by 2 independent reviewers (RO'D and Ms Anastasia Kitova [School of Public Health, Physiotherapy and Population Science, University College Dublin, Dublin, Ireland]). Phase 3 involved classifying the internal validity of the included papers and grading the strength of the evidence using the Effective Public Health Practice Project quality assessment tool for quantitative studies. 20 
Phase 1: Search Strategy
Electronic searches of PubMed, CINAHL, Embase, PEDro, and the Cochrane Central Register of Controlled Trials were carried out from January 1992 to October 2012 on October 30, 2012 . A battery of key words was developed using the WHO guidelines for the diagnosis and management of cystic fibrosis 19 to identify the various treatment strategies used for CF. Key terms included cystic fibrosis AND adherence AND treatment plan AND exercise OR airway clearance techniques OR diet OR medication. Appropriate synonyms of each search term were used in each search string, along with suitable MeSH terms found in the PubMed database. The complete search strategy is summarized in Table 1 . The same search strategy was used for PubMed (Medline), CINAHL (EBSCOhost), Embase (Elsevier), and Cochrane. The search terms used in PEDro included cystic fibrosis AND adherence.
The inclusion criteria were studies involving patients with CF, studies relating to patients' home treatment, studies focusing on adherence as the primary or secondary measure, and studies published from 1992 to 2012. Exclusion criteria were studies published before 1992, intervention studies, review papers, studies conducted in a hospital setting, studies related to exacerbations, and studies that appeared only as abstracts in supplements or poster sessions. Hand searches were also conducted on the bibliographies of identified articles for relevant papers.
Phase 2: Screening Process and Data Extraction
Potentially relevant articles were identified from the titles, abstracts, and key words of the references retrieved by the literature search, and they were scrutinized by 2 researchers (RO'D and AK) for inclusion/exclusion criteria. Duplicates were removed, and the entire papers of accepted abstracts were retrieved and independently scrutinized by the 2 researchers using a detailed pro forma developed to capture and subsequently categorize relevant information from the included papers (participants' demographic data, study methodology, results). Accepted papers were re-categorized into themes: medication, airway clearance techniques, nutrition, and exercise.
QUICK LOOK
Current knowledge
Successful treatment of cystic fibrosis requires home management, including nutrition, airway clearance, exercise, and pharmacotherapy. Good adherence to home management is associated with improved quality of life.
What this paper contributes to our knowledge
A systematic review of the literature suggests that adherence is quite variable and that studies are commonly of poor quality. Self-reported adherence rates are routinely higher than adherence rates measured by objective measures. These data suggest that continued efforts to improve adherence are warranted.
ADHERENCE TO CYSTIC FIBROSIS PROGRAMS 
Phase 3: Internal Validity
An assessment of quality was carried out on each remaining paper using the Effective Public Health Practice Project quality assessment tool for quantitative studies. 20 It comprises 8 components (selection bias, study design, confounders, blinding, data collection methods, withdrawal and dropouts, intervention integrity, analyses) that are individually scored, and an overall rating of the internal validity is assigned: strong, moderate, or weak. This tool has been deemed appropriate for assessing the quality of non-randomized trials as well as randomized controlled trials. 21 
Results
In total, 26 papers of various methodologies were included in the review: cross-sectional studies (n ϭ 13) and longitudinal design (n ϭ 13). The search strategy is reported in Table 1 , and included studies, study designs, results, and internal validity ratings are summarized in Tables 2-5 and Figure 1 .
Characteristics of Included Studies
Two of the 26 papers were classified as being of moderate methodological quality, 24 were of low quality, and no studies were classified as being of high quality. The review included 2,967 participants. The age range varied from 3 to 28 y, and study duration ranged from 3 d to 1 y. Different methods were used to determine adherence rates (eg, electronic diaries, pharmacy refills, and health insurance patient, parent caregiver, and doctor questionnaires, interviews, and telephone surveys). Questionnaires included disease-specific questionnaires (Manchester cystic fibrosis questionnaire, treatment adherence rating scale) and adherence questionnaires (disease management interview-cystic fibrosis, medical and nonmedical compliance questionnaire, confidential cystic fibrosis management profile). The inconsistency in the measurement of adherence across studies makes comparison difficult, although overall objective measures of adherence scored lower than the self-reported questionnaires. The treatment themes are discussed in detail below.
Medication
Twenty papers assessed participants' adherence to medication (male, n ϭ 916; female, n ϭ 855; unspecified, n ϭ 69). 3, 10, 11, 20, [22] [23] [24] [25] [27] [28] [29] [31] [32] [33] [34] [35] [36] [37] [38] [39] Eighteen papers were of low quality, and 2 were of moderate quality. The categories of medications are summarized below (Table 3) .
Nebulized Antibiotics. Seven papers assessed adherence with nebulized antibiotics in 1,093 participants (male, n ϭ 565; female, n ϭ 528). All papers were of low quality. Some studies used multiple methods of assessment. Two studies used electronic monitoring via an adaptive aerosol delivery device, 33,34 3 used participant questionnaires, 3,25,31 2 used parent questionnaires, 3, 23 one used daily telephone diaries, 3 one used pharmacy refill data, 35 and one used data from a research database of health-care claims 20 to assess adherence. Mean overall percentage of adherence ranged from 36.1 Ϯ 35.6% by daily telephone diary 3 to 85.0 Ϯ 33.7% by patient questionnaire. 3 Antibiotics. Two studies assessed adherence to antibiotics (not focusing on specific medication/delivery) in 127 participants (male, n ϭ 68; female, n ϭ 59). Both studies were of low quality. One study used a participant questionnaire 27 ; the other used a parent questionnaire. 29 Mean adherence ranged from 76 Ϯ 28.8% 37 to 87.5 Ϯ 19.5%. 10 Two studies assessed adherence to oral antibiotics in 148 participants (male, n ϭ 68; female, n ϭ 80). Both studies were of low quality. One used pharmacy refill data, 35 whereas the other used both participant and parent questionnaires. 27 The mean adherence ranged from 76% by pharmacy refill 35 to 130% by patient questionnaire. 31 Bronchodilators. One low-quality study assessed adherence to nebulized bronchodilators in 53 participants (male, n ϭ 22; female, n ϭ 31) using parent and participant questionnaires. Adherence was recorded at 60% and 61%, respectively. 31 Undifferentiated Inhalational Therapy. Five studies assessed adherence to nebulizer therapy (not focusing on specific medication) in 192 participants (male, n ϭ 93; female, n ϭ 72; unspecified, n ϭ 27). All studies were of low quality. Four studies used participant questionnaires, 3,23,27,32 2 used clinician questionnaires, 27,32 2 used parent questionnaires, 3, 27 one used electronic monitoring, 32 and one used pharmacy refill data and daily telephone diaries. 3 Adherence ranged from a median (interquartile range) of 36% (5-85.5%) by electronic measurement 32 to 93.5% by parent report. 28 Hypertonic Saline. One low-quality study assessed adherence to hypertonic saline nebulizers in 95 participants (male, n ϭ 46; female, n ϭ 49) using pharmacy refill data. Median (interquartile range) adherence was 49% (0 -85%). 35 One low-quality study reported a combined result for airway clearance techniques and nebulizers in 95 participants (male, n ϭ 50; female, n ϭ 46) using mother, father, and participant questionnaires. Mean adherence scores were ADHERENCE TO CYSTIC FIBROSIS PROGRAMS Deoxyribonuclease. Six studies assessed 298 participants (male, n ϭ 113; female, n ϭ 143; unspecified, n ϭ 42). All studies were of low quality. A number of strategies were used to determine adherence. Two studies used pharmacy refill data, 35, 36 3 used participant questionnaires, 3,25,31 2 used parent questionnaires, 3,31 one used participant interviews, 36 one used a collection of empty medication vials, 11 and one used daily telephone diaries. 3 Mean adherence ranged from 54% by participant interview 36 to 77.8 Ϯ 44.1% by patient questionnaire. 3
Pancreatic Enzyme Replacement Therapy
Nine studies assessed 518 participants (male, n ϭ 262; female, n ϭ 256). Seven studies were of low quality, and 2 were of moderate quality. Six studies used participant questionnaires 3, 25, 27, 29, 31, 37 ; 3 used parent questionnaires 3, 22, 31 ; one used participant interviews 38 ; one used 7-d recordings 22 ; and one used pharmacy refill records, daily telephone diaries, and electronic monitoring via the Medication Event Monitoring System (MEMS SmartCap, AARDEX, Richmond, Virginia). 3 Mean adherence ranged from 27.4 Ϯ 22.9% by daily telephone diary 3 to 96.5% by patient report. 35 Two studies reported a combined result for pancreatic enzyme replacement therapy, electrolytes, and supplements in 151 participants (male, n ϭ 77; female, n ϭ 74). Both studies were of low quality. One study used caregiver questionnaires, 24 and the other used participant and clinician questionnaires. 27 Adherence ranged from 70.4% to 88.2%. 30 In the study by Ward et al, 24 problematic behavior regarding adherence was reported in 6% of participants.
One low-quality study reported a combined result for antibiotics and pancreatic enzyme replacement therapy in 41 participants (male, n ϭ 20; female, n ϭ 21) by parent and clinician questionnaires. Mean adherence ranged from 87.5 Ϯ 17.5% by clinician report to 95 Ϯ 15% by participant report. 41 Two studies assessed adherence rates for medications in general in 58 participants (male, n ϭ 18; female, n ϭ 13; unspecified, n ϭ 27). One used participant questionnaires, 26 and the other used parent questionnaires. 28 Mean adherence ranged from 70.1 Ϯ 30% 26 to 97.2%. 28 
Nutrition
Sixteen papers assessed 837 participants' adherence to various nutritional recommendations (male, n ϭ 399; female, n ϭ 411; unspecified, n ϭ 27). Fourteen of the studies were of low quality, and 2 were of high quality (Table 4) .
Adherence to calorie intake was assessed in 10 studies with 507 participants (male, n ϭ 235; female, n ϭ 245; unspecified, n ϭ 27). All but one study was of low quality. Five studies used participant questionnaires, 3,25,27,31 3 used parent questionnaires, 10,28,31 one used clinician questionnaires, 28 2 used 24-h recall, 37,38 and 2 used 7-d food records. 39, 43 Reported adherence to guidelines ranged from 40.8 Ϯ 31.75% 10 to 81%. 28 Adherence to vitamin intake was assessed in 8 studies with 399 participants (male, n ϭ 200; female, n ϭ 199). All but one study was of low quality. Four studies used participant questionnaires, 3, 23, 25, 29 2 used parent questionnaires, 3, 22 one used clinician questionnaires, 22 3 used interviews via telephone, 3, 41, 42 and one used pharmacy refill data and electronic recordings via MEMS SmartCap. 3 Mean adherence ranged from 22.2 Ϯ 34.2% by daily telephone diary 3 to 97.5 Ϯ 7.5% by parent questionnaire. 22 In another study, the percentages of the sample group who reached the recommended doses for vitamins A, D, E, and K were 9, 32, 59, and 81%, respectively. 42 One low-quality study assessed compliance with a dietitian's food guidelines. Forty-one participants (male, n ϭ 20; female, n ϭ 21) were included. Mean adherence ranged from 70 Ϯ 27.5% by clinician questionnaire to 80 Ϯ 20% by parent questionnaire. 22 
Airway Clearance Techniques
Eleven papers assessed 1058 participants (male, n ϭ 496; female, n ϭ 535; unspecified, n ϭ 27). All but one study was of low quality. Eight studies used participant questionnaires, 3, 4, 23, [25] [26] [27] 30, 31 4 used parent questionnaires, 3, 22, 28, 30 , 2 used clinician questionnaires, 22, 27 one used caregiver questionnaires, 24 and one used daily telephone diaries. 3 Only 2 papers of low quality 30, 31 specified the individual aspects of chest physical therapy involved (positive expiratory pressure, coughing, active cycle of breathing technique, chest wall percussion, chest wall vibrations). All other papers (n ϭ 10) simply summarized treatment as airway clearance techniques or chest physical therapy. Adherence rates ranged from 33.3 Ϯ 43.15% 23 to 91.2% 28 by patient questionnaire.
Exercise
Five papers assessed 321 participants (male, n ϭ 213; female, n ϭ 81; unspecified, n ϭ 27). All papers were of low quality. Four studies used participant questionnaires, 23, 25, 29, 30 and one study used parent questionnaires. 28 Only 2 papers described the exercise undertaken: one paper described exercise as walking or attending a gym, 28 whereas the second reported exercise as physical activity. 25 Details of exercise prescriptions were not included. All other papers simply reported the category as exercise, and limited details to reporting compliance rates to regular exercise, number of times prescribed exercises were undertaken, or whether exercises were undertaken every day or almost every day (Table 5) .
Discussion
This systematic review examined levels of adherence to home treatment programs for people with CF. Twenty-six studies were included and categorized into one of four main themes: exercise, medication, airway clearance, and nutrition. Results showed that adherence levels were generally low and wide ranging (nutrition, 22.2-97.5%; airway clearance techniques, 33.3-91.2%; exercise, 56.8 -88%; pancreatic enzyme replacement therapy, 27.4 -96.5%; medication [inhaled therapy], 31.6 -85%), varying greatly depending on the type of treatment being assessed and the mode of assessment being employed.
The present study included home-based observational studies only to establish subjects' own level of adherence, which is an integral part of the long-term management of CF. Intervention studies were excluded due to the effect of participating in a formal research trial, in which greater monitoring/measurement of patients would take place. Indeed, compared with a previous review of randomized controlled trials examining adherence rates for airway clearance techniques (88 -96%), 14 rates for compliance in observational studies reported in the present study are lower (33.3-91.2%). The previous review of adherence to antibiotics (mixed methodologies) reported similar adherence rates (35-87%) 13 compared with the present review (36 -85%).
Multiple issues concerning the design of studies investigating adherence were found: study duration, participant recall, and use of multiple measures and questionnaires.
The time frame over which the studies were conducted varied greatly from 2 weeks 37 to 6 months, 31 which could influence recall bias. Given that CF is a chronic disease, one would argue that studies of longer duration are more clinically relevant. Shorter intervals have been used previously because of the assumption that recall would be better for shorter periods 44 ; however, it has been reported that patients do not recall more recent pill-taking events any more accurately. 44, 45 Some studies utilized multiple modes of assessment, 3, 30, 37 which may, in some cases, prove challenging for participants when multiple outcome scales are used (eg, Likert scale, percentage rates, etc). Issues with health literacy and numeracy may impact on patients' ability to complete adherence forms when different scoring scales are utilized (eg, percentages) and need to be considered. 46 A large range of tools (electronic technologies, selfreported questionnaires) were also utilized to determine levels of adherence. Daily telephone diaries have been thought to allow for a greater precision of recalled information, 47 and electronic recording via MEMS SmartCap allows for precise recording of usage. 48 Disparities between self-reported and objective measures of medication adherence were found; both adherence to nebulized antibiotics by parent and self-reported adherence were higher compared with electronic monitoring, consistent with previous research. 3, 10 However, one must be cautious when interpreting results given the low-quality rating of the majority of studies. The improvement in pa-tient-reported adherence to treatments and the availability of objective recordings in clinical practice (eg, measuring changes in sweat chloride in those taking ivacaftor 49 ) should allow for open and honest discussion between patient and clinician. 32 Similar disparities have been found in other chronic conditions in which self-reported measures are higher than objective measures (eg, functional ability of patients with low back pain 50 and adherence to medication for patients with HIV [51] [52] [53] ).
Mismatches were also found regarding adherence rates depending on who completed the questionnaire. When comparing people with CF and their health-care professionals (physiotherapist or doctor), health-care professionals' opinion/impression of adherence was lower than that of the people with CF, similar to levels reported for adults with hypertension. 54 Multiple factors have been reported as reasons for this (eg, impact of a patient's previous medical history 55 or a patient's expectations of the consultation 56 ). Self-reported adherence levels were also found to be generally greater than those reported by parents. 3, 22, 25, 32 White et al 31 found a 30% disparity between CF teams' recommendations for oral antibiotics and CF patients' reports, compared with a 4% disparity for parents. Similarly with regard to adherence with tube feeding, patients with CF reported 95% adherence compared with the parents' report of 53% despite both groups being aware of the CF teams' recommendations. 31 Along with issues regarding recall, patients with CF and respondents may provide answers that conform to their perceived expectations of their interviewer, as seen in patients with HIV. 57, 58 The challenge for researchers in measuring adherence rates is first to define adherence. The WHO defines adherence as the extent to which a person's behavior (in terms of taking medication, following diets, or executing lifestyle changes) coincides with medical or health advice. 59 However, adherence to a treatment plan has many levels, such as overall adherence (defined as times treatment is used compared with times prescribed), adherence to the full-length treatment, and the number of days the treatment is used. 33 These multiple factors relating to adherence again make it difficult to establish, and measuring it is an inexact science. 6 Reasons for non-adherence to CF have also been explored. As survival rates improve, people with CF are faced with new challenges relating to age, such as the transition between adolescence to adulthood and coming to terms with their independence with regard to adherence. 28 It is therefore not surprising that they are nonadherent to aspects of their treatment regimen at different times throughout their lives. This behavior can be acknowledged as a normal adaptation to the physical and emotional intrusion of illness. 6 For a person growing up with CF, treatment demands become repetitive, often with no immediate perceived benefit. 30 These young adults are determined to live as normal a life as possible and acknowledge that sometimes they are making an informed decision not to carry out their treatment. Older children and adults report poor adherence to treatment regimens, describing them as boring, different from the normal lives of their peers, and a waste of time. 27 However, it cannot be assumed that reduction in administration time alone will solve the adherence dilemma. For example, asthma medications take only a few seconds to administer via a metered-dose inhaler or powder inhaler, yet adherence rates are low. Treatment programs should perhaps be planned around individual patient's requirements, modifying treatment ideals when necessary according to the exigency and pattern of that patient's lifestyle. 60 Innovative approaches to increase patients' adherence to recommendations are required. The use of mobile health technologies and telecommunication has rapidly been integrated into the health-care delivery system for the management of chronic illnesses (eg, hypertension, 61 weight loss, 62 and diabetes 63 ) and may prove useful for improving adherence in patients with CF by allowing adolescents to directly call their CF health-care team and by promoting safe social interactions and peer support. 4 The results of this systematic review should be considered in light of the following limitations. Only papers written in English and published in the last 20 y were included to reflect the development of guidelines and best practice for the management of patients with CF.
Conclusion
Overall adherence to home treatments was assessed with a variety of adherence tools in low-quality studies. There were wide disparities in adherence rates, with studies utilizing self-reported tools consistently higher than those utilizing objective measures. The lower objective measures of adherence suggest current efforts to improve adherence are appropriate.
